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Mechanisms of angloplasty in hemodialysis fistula stenoses evaluated by
intravascular ultrasound. Quantification of luminal dimensions and the
mechanisms by which angioplasty (PTA) corrects non-atheroma venous
fistula stenoses have been poorly studied. In 38 consecutive percuta-
neous balloon angioplasties of hemodialysis fistula stenoses, catheter-
based, mechanically-rotated intravascular ultrasound (IVUS) images
were obtained along with cineangiography. Images from 24 brachial
vein, 11 central vein, 2 graft anastomoses, and 1 brachial artery were
quantitatively and qualitatively evaluated. Semiautomated quantitative
angiographic stenosis was 64 13% pre-PTA and reduced to 36 19%
post-PTA (P < 0.001). Post-PTA IVUS minimal lesion diameter and
cross sectional area were 5.7 1.5 mm and 2.9 1.5 mm2, respec-
tively. With IVUS, mechanisms observed were: vessel dissection in 16
(42%), arterial stretch (defined as vessel diameter : balloon diameter
ratio = 0.75 to 1.0) in 19 (50%), and elastic recoil (defined as vessel
diameter: balloon diameter ratio < 0.75) in 19 (50%). Compared to
angiography, morphologic information provided by IVUS were plaque
composition (hard 11%, soft 89%), plaque topography (eccentric 94%,
concentric 6%), thrombus (IVUS: N = 6 vs. angio: N = 1), dissection(IVUS: N = 16 vs. angio: N I). Thus, IVUS can evaluate lesion
morphology and define luminal dimensions after angioplasty. Mecha-
nisms of successful angioplasty of hemodialysis fistula stenosis occur
primarily by vessel stretching and dissection, and significant post-PTA
narrowing is due to elastic recoil.
Maintenance of vascular access in hemodialysis patients is
often problematic [1—4]. Arm edema, poor fistula blood flow,
and elevated dialysis venous pressures occur due to in Situ
thrombus or venous stenosis [5—71. Often venous stenosis and
thrombosis require surgical revision [1—4]. However, recently
percutaneous transluminal angioplasty has been advocated as
an alternative treatment for symptomatic central and peripheral
venous stenosis associated with hemodialysis flstulae [5—7].
Although all factors including previous ipsilateral subclavian
vein cannulation and duration of fistula placement appear to
predispose patients to development of subclavian vein stenosis,
the etiology of stenosis remains speculative [6]. Furthermore,
the mechanisms of successful angioplasty within hemodialysis-
associated central and peripheral venous stenosis is unknown.
Catheter-based intravascular ultrasound represents a new
imaging modality that provides both quantitative and qualitative
data of vessel anatomy. Previous studies have documented the
feasibility of intravascular ultrasound to provide real-time two-
dimensional images of arteries and veins in vivo and in vitro
[8—13]. Similarly, recent in vivo and in vitro studies have
documented the ability of intravascular ultrasound to detect
thrombus [13], post-angioplasty dissections [10], and angio-
graphically undetected intimal flaps [14].
The purpose of this study was to determine, with intravascu-
lar ultrasound, the previously unknown mechanisms of balloon
angioplasty of hemodialysis fistula stenoses, and to compare
intravascular ultrasound with angiography for assessment of
vessel morphology after angioplasty.
Methods
Patients
From December 1989 to September 1990, 38 consecutive
percutaneous transluminal angioplasties (PTA) of hemodialysis
related venous fistula stenoses were evaluated in 28 patients.
There were 23 women and 5 men whose mean age was 52 18
(range 29 to 78 years). All patients were receiving chronic
maintenance hemodialysis and were referred for diagnostic
fistulogram and PTA due to symptomatic venous obstruction.
Symptoms included arm edema, prior thrombosis, poor fistula
blood flow or elevated venous dialysis pressure.
Procedures
Upper arm venograms of the A-V fistula and PTA were
performed in a standard manner as previously described [5, 6].
After intravenous heparin (3000 to 5000 units) was given,
peripheral PTA (N = 27) including 24 brachial vein, 2 graft
anastomosis and 1 brachial artery was performed percutane-
ously via a brachial venous approach. Central venous stenoses
(N = 11) were accessed from the femoral vein.
Maximal balloon diameters of 6 mm (N = 7), 7 mm (N = 4),
and 8 mm (N = 16) were utilized within peripheral venous
lesions. Central venous lesions were dilated with either 8 mm
(N = 2), 10 mm (N = 5), 12 mm (N 2), 15 mm (N = 1), or
double balloons of 6 + 6 mm (N = 1).
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Contrast angiography
Contrast cineangiography was obtained before and after PTA
with either hand injection or power injection of nonionic
contrast. Images were recorded with a General Electric MPX
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LIU radiography unit. Multiple single plane projections were
acquired in a seven inch image intensifier mode at 30 frames per
second. All images were centered to avoid pincushion distor-
tion.
Angiographic images were analyzed with a previously vali-
dated, commercially available edge detection algorithm [15].
Percent diameter stenosis was obtained before and after PTA.
Qualitative analysis of cineangiographic images were under-
taken by consensus of two blinded observers for determination
of vessel dissection and intraluminal thrombus. Dissection was
defined as previously suggested [16], and thrombus was defined
as an intraluminal filling defect surrounded by contrast.
Intravascular ultrasound
The ultrasound transducer was a 20 MHz single piezoelectric
crystal bonded to the tip of a metal core. The core was inserted
within either a 4.8F or 8F monorail over-the-wire sheath, or a
6F blunt-tipped sheath (Boston Scientific Corp./Diasonics, Inc.,
Watertown, Massachusetts, USA). The transducer was me-
chanically rotated at 1800 rpm to provide cross sectional
images, and was attached to a diagnostic imaging console
designed for display of the two-dimensional images. The images
were displayed on a video monitor with a 512 x 512 pixel matrix
and were recorded on 0.5 inch high fidelity videotape for
subsequent off-line analysis.
Previous in vitro testing in our laboratory has demonstrated
that the axial and lateral resolution at 5 mm radial beam
distance were 0.4 and 1.3 mm, respectively.
Quantitative measurements were made post-PTA for the
image displaying minimal absolute lumen diameter and cross
sectional area. Cross sectional area was obtained by planime-
try.
Qualitative ultrasound images were evaluated by two observ-
ers blinded to the results of angiography. Vessel morphology
analyses were for plaque composition (hard versus soft), plaque
topography (eccentric versus concentric), vessel dissection,
and intraluminal thrombus.
Plaque composition evaluation was similar to that previously
validated by Gussenhoven et a! [9]. Hard plaque was defined as
vessel wall thickening with bright reflected echoes and/or distal
acoustic shadowing consistent with calcium. Soft plaque lacked
these characteristics and was represented as less dense echoes
of thickened vessel wall. Eccentric plaque was defined as
involving <50% of the total circumference of the vessel.
PTA evaluation with intravascular ultrasound
Dissection was defined as separation of plaque from vessel
wall [10]. Thrombus was defined as soft echoes that appeared
mobile within the vessel lumen [13].
The propensity of venous fistula stenoses to be stretched or
to develop elastic recoil acutely after balloon dilation were
determined by intravascular ultrasound. Vessel stretch was
defined as a vessel lumen diameter to balloon diameter ratio =
0.75 to 1.0. Elastic recoil was defined as a vessel diameter to
balloon diameter ratio less than 0.75.
Data analysis
Data are expressed as mean standard deviation. Agree-
ment of intravascular ultrasound and angiography was tested
with a Kappa statistic.
Fig. 1. Intravascular ultrasound image of central vein dissection after
PTA. Catheter blank in center of image. Blood is echolucent. Moving
laterally, plaque formation is noted as bright echoes within vessel wall.
Plaque dissection present at arrow.
Results
Quantitative data
By quantitative angiography, lesion diameter stenosis pre-
PTA was 64 13% and was reduced to 36 19% post-PTA (P
<0.001).
Intravascular ultrasound derived post-procedure minimal lu-
men diameter and cross sectional area were 5.7 1.5 mm and
2.9 1.5 mm2, respectively.
Qualitative data and PTA mechanisms
Intravascular ultrasound provided morphologic information
following PTA in all cases. Plaque composition was classified as
hard in four (11%) lesions and soft plaque in 34 (89%) lesions.
Evaluation of plaque topography revealed that eccentric le-
sions, comprising less than 50% of the vessel lumen, (N = 36)
(94%) were much more common than concentric lesions (N =2)
(6%).
The mechanisms of PTA as determined by intravascular
ultrasound revealed that plaque dissection occurred in 16 (42%)
lesions. Vessel stretch was noted in 19 (50%), and elastic recoil
was present in 19 (50%). The combination of vessel stretch and
dissection was observed in seven (18%). Elastic recoil and
dissection occurred in nine (24%).
Although stretch and elastic recoil were evenly distributed
among all lesions, there was a predominance of elastic recoil in
central venous lesions when compared to brachial venous
stenoses. Elastic recoil was noted in 7 of 11 (64%) central
venous stenoses immediately post-PTA. Conversely, vessel
stretch was observed in 15 of 24 (63%) brachial vein lesions.
Dissections developed in five (45%) central venous lesions
and 10 (42%) brachial vein stenoses (Figs. 1, 2). Thus, the
incidence of dissection after PTA was similar for central and
brachial venous lesions.
Fig. 2. Intravascular ultrasound example of a brachial venous dissec-
tion (arrow) noted after successful PTA.
Angio
Present Absent
Ivus
Present
Absent
1
0
5
37
Kappa = 0,28; P < 0.001
Table 2. Dissection
Angio
Present Absent
Ivus
Present
Absent
1
0
15
22
Kappa = 0.09; P = 0.22
Comparison of IVUS and angiography
Intraluminal thrombus was detected by intravascular ultra-
sound during six (16%) interventions as opposed to one (3%)
with contrast angiography (Table 1). Thus, while angiography
can identify those patients without thrombus, it is less sensitive
than ultrasound in identifying patients with clot. Despite the
presence of thrombus in six cases, only one patient required
surgical thrombectomy due to symptomatic venous occlusion.
In the 38 interventions evaluated, dissections were detected
by intravascular ultrasound in 16 (42%) as opposed to 1 (3%) by
conventional cineangiography (Table 2). Thus in 15 interven-
tions, angiographically "silent" dissections were documented
by ultrasound (Fig. 3). As in detection of thrombus, angiogra-
phy is less sensitive than ultrasound for dissection characteri-
zation.
In a patient who developed restenosis following previous
Fig. 3A. Cineangiogram of brachial vein after successful PTA demon-
strating smooth vessel contour. B. Intravascular ultrasound image of an
angiographically "silent" thrombus (arrow). Vessel wall thickening
also demonstrated.
PTA, the cineangiogram revealed a narrowed lumen at the site
of previous balloon dilation (Fig. 4). Catheter-based ultrasound
was then advanced within this region revealing vessel dissec-
tion, angiographically undetected layered thrombus, and possi-
bly a false aneurysm.
Discussion
Although balloon dilation of hemodialysis-related venous
fistula stenoses successfully relieves obstruction [5—7], the
mechanisms of transluminal angioplasty have not been previ-
ously identified. PTA mechanisms have been elucidated with
histology and intravascular ultrasound in atherosclerotic arter-
ies [10, 171 but no data are available in humans in vivo within
arterialized venous stenoses. The current study demonstrates
that intravascular ultrasound can evaluate lesion morphology,
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0.26. Thus, in these situations, balloon dilation is a poor
therapeutic procedure. Other potential catheter-based interven-
tions should be contemplated, such as stent placement or
atherectomy. Due to the ability of ultrasound to detect plaque
topography and define vessel wall characteristics, this imaging
modality would appear to be uniquely suited to selecting the
most appropriate alternative intervention. However, further
studies will be required to document the utility of catheter-
based ultrasound for intervention selection.
When compared to conventional silhouette cineangiography,
intravascular ultrasound is more sensitive in detecting both
intraluminal thrombus and vessel dissection. With the improved
sensitivity to image dissections, the mechanisms of angioplasty
were able to be elucidated in vivo in humans. Whether the
added ability to evaluate the results of angioplasty impacts on
either acute or long term outcome remains to be determined.
Thrombus formation was noted despite heparinization in six
procedures. The thrombi were small and were of clinical
consequence in only one procedure in which thrombectomy
was necessary. However, these data suggest that anticoagula-
tion may be inadequate at the 3000 to 5000 units generally
administered during PTA of venous fistula. Alternatively, the
thrombus noted may be longstanding due to a chronic low flow
state and would not necessarily respond to heparin administra-
tion.
One limitation of intravascular ultrasound is that venous
anatomy lacks the tn-layered appearance of arterial anatomy,
that is, intima, media and adventitia [9]. Thus, definition of
intraluminal venous anatomy may be subject to a greater degree
of observer variability. Also, by necessity, stop-frame images
are presented in Figures 1 to 4. Real-time imaging that is
obtained at the time of the procedure interrogates the entire
length of the vessel, and assists in clearly defining the vessel
architecture after angioplasty.
In conclusion, successful mechanisms of venous fistula an-
gioplasty occur by arterial stretch and dissection. Elastic recoil
accounts for inadequate post-PTA results. Lesion morphology
and vessel dimensions can be evaluated with catheter-based
ultrasound. Angiographically "silent" thrombus and dissection
are frequently noted with intravascular ultrasound.
Fig. 4A. Cineangiogram of stenotic central vein due to restenosis. B.
Corresponding intravascular ultrasound demonstrates central vein (CV)
that is narrowed, layered thrombus (arrow), and false aneurysm or
liquified thrombus (+). Vessel dissection versus liquified thrombus is
noted in the echoluscent area beyond the layered thrombus.
including composition and topography, and define luminal
dimensions after angioplasty of venous fistula stenoses.
The mechanisms of successful angioplasty with hemodialysis
fistula stenoses are due to vessel stretch and dissection. These
are similar to those mechanisms that have been validated with
histologic studies of coronary artery balloon angioplasty [17].
Vessel stretch is more commonly noted in brachial venous
lesions and elastic recoil is more frequently observed in central
venous lesions. Despite the use of high pressure balloons,
marked vessel recoil was often noted in central venous lesions.
The most extreme recoil was noted within a central vein in
which the final vessel diameter to balloon diameter ratio was
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